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ABSTRACT
Mars has and will continue to play a key role 
in our exploration and conquest of the Solar 
System. Within the context of the creation 
of humanity's extraterrestrial civilization, 
the major technical features of the following 
Mars programs are reviewed: the Mars 
Geoscience/Climatology Orbiter; the Mars 
Aeronomy Orbiter; the Mars airplane; the Mars 
Penetrator Network; Mars surface rovers and 
mobility systems; human exploration of Mars; 
and permanent Martian bases and settlements. 
Mars properly explored and utilized opens the 
way to the resources of the asteroid belt and 
the outer planets; supports the creation of 
smart machines for space exploration and 
exploitation; and encourages the creation of 
autonomous niches of intelligent life within 
heliocentric space. All of these develop­ 
ments, in turn, establish the technological 
pathway for the first interstellar missions.
INTRODUCTION
Throughout human history, Mars, the Red 
Planet, has been at the center of astronomi­ 
cal thought. The ancient Babylonians, for 
example, followed the motions of this wan­ 
dering red light across the night sky and 
named it after Nergal, their god of war. In 
time, the Romans, honoring their own god of 
war, gave the planet its present name (1). 
The presence of an atmosphere, polar caps, 
and changing patterns of light and dark on 
the surface, stimulated many pre-Space Age 
astronomers and scientists into considering 
Mars as an "Earth!ike planet" - the possible 
abode of extraterrestrial life (2).
Within the last two decades, however, 
sophisticated robot spacecraft: flybys, orbi- 
ters, and landers, have gathered data that 
show the Red Planet as a "halfway" world. 
(See Table 1) (1,3,4) Part of the Martian
surface is ancient like those of the Moon and 
Mercury, while part is more evolved and 
Earth!ike. Contemporary information about 
Mars is presented in Tables 2 and 3. (1-5)
Despite intensive initial investigations, the 
greatest Martian mystery of all - "Is there 
life?" - still remains a mystery. Several 
experiments performed by the Viking Landers 
tried to detect life in the Martian soil. 
Although some unusual reactions were encoun­ 
tered, it is currently believed that these 
reactions were probably due to the unusual 
characteristics of the soil, rather than to 
the presence of any microscopic life forms 
(2-6). More sophisticated visits are needed 
in the next few decades, before we can ascer­ 
tain that life does (or at least did) exist 
on Mars -- or else positively conclude that 
Mars is a barren, lifeless world. In either 
event, the implications on our models of the 
cosmic prevalence of life will be profound.
As we enter the next millennium, human deve­ 
lopment will be highlighted by the establish­ 
ment of man's extraterrestrial civilization 
(1,7). Table 4 summarizes some of the deve­ 
lopments that could occur in outer space. In 
this projected sequence of technical achieve­ 
ments, we first learn how to permanently 
occupy near-Earth space and then expand human 
activities throughout cislunar space. As 
spacebased activity and industry grow, a 
subtle but very significant transition point 
is eventually reached. A portion of the 
human race becomes self-sufficient in cislu­ 
nar space — that is, those individuals 
living in space habitats and on the surface 
of the Moon will no longer depend on the 
Earth for the materials and energy supplies 
necessary for their survival. From that very 
historic moment on mankind will possess two 
distinct cultural subsets: terran and non- 
terran (or extraterrestrial).
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As we begin to construct our extraterrestrial 
civilization, Mars will become the focus of 
extensive exploration and resource evaluation 
by both sophisticated robot devices and human 
beings. Table 5 presents the stages of 
exploration and development that could occur 
n Mars in the next century and beyond
EXPLORATION OF MARS WITH SMART MACHINES
The primary purpose of planetary exploration 
is to achieve a deep and thorough 
understanding of our Solar System, thereby 
satisfying one of the oldest objectives of 
human thought. In planetary research, for 
example, we are trying to discover how the 
basic physical laws operate to produce the 
world in which we live. This understanding, 
in turn, will allow us to predict and 
possibly control such natural phenomena, 
raising the quality of life for all. Four 
major goals have been recommended for the 
U.S. planetary exploration program through 
the year 2000 (4). These are: (1) to con­ 
tinue the scientific exploration of the Solar 
System in order to comprehend its origin, 
evolution, and present state; (2) to gain a 
better understanding of the Earth by com­ 
parative studies with other planets; (3) to 
understand how the appearance of life relates 
to the chemical and physical history of the 
Solar System; and finally (4) to survey the 
resources available in near-Earth space in 
order to develop a scientific basis for 
future use of these and other extra­ 
terrestrial resources.
According to the Solar System Exploration 
Committee (SSEC) of the NASA Advisory Council 
(4): "Mars is a key member of the triad 
tarth-Venus-Mars and is closely linked to the 
Earth by virtue of the volcanic, erosional, 
and climatic phenomena that it is known to 
exhibit. The study of Mars is essential for 
our understanding of the evolution of the 
Earth and the inner Solar System". This 
committee's prioritized scientific objectives 
for continued exploration of Mars are pre­ 
sented in Table 6. The Mars Geoscience/ 
Climatology Orbiter, the Mars Aeronomy 
Orbiter, and the Mars Network Mission (using 
planetary penetrators) are currently viewed 
as supporting these scientific objectives 
over the next few decades. Beyond this 
period, or perhaps complementing its later 
phases, we could witness the use of very 
smart machines of exploration such as autono­ 
mous Mars surface rovers, a Mars airplane, 
and the Mars Sample Return Mission (MSRM). 
Key features of each of these missions will 
now be described.
Mars Geoscience/Climatology Orbiter
This mission would be launched in 1990 or
during other appropriate launch windows in 
1992, 1994, etc... After a one year flight, 
the orbiter spacecraft would be inserted into 
a polar orbit around the Red Planet. 
Following a drift in this orbit to the 
desired Sun angle, a small orbital plane 
change (approximately 3 degrees) will be per­ 
formed, creating a nearly circular, 300 km 
altitude, Sun-synchronous mapping orbit. 
From this orbital location, observations of 
the planet will be made for at least one 
Martian year (approximately two Earth years). 
The final spacecraft orbit will be determined 
by planetary quarantine (protection) 
requirements.(4)
There are several major scientific objectives 
for this mission: (1) to obtain global maps 
of elemental and mineralogical surface 
compositions; (2) to explore and define the 
nature of the Martian magnetic field (if any 
exists); (3) to measure the seasonal cycles 
of carbon dioxide, water, and dust; (4) to 
study the interactions between volatile 
reservoirs, such as the polar cap regions, 
and the Martian atmosphere; and (5) to create 
global maps of the Martian gravitational 
field and surface. The data acquired by this 
spacecraft will also support more extensive 
Martian exploration programs, robotic and 
manned, that will occur in the 21st Century.
Mars Aeronomy Qrbiter
Instruments onboard this spacecraft would 
help determine the diurnal and seasonal 
variation of the upper Martian atmosphere and 
ionosphere. They would observe the interac­ 
tion of the solar wind with the Martian 
atmosphere and verify whether Mars possesses 
an intrinsic magnetic field. This orbiter 
would also measure the escape rates of the 
constituents of the Martian atmosphere, such 
as hydrogen, oxygen, and nitrogen.(4)
The spacecraft will be placed into a highly 
elliptical orbit (3 Mars radii by 150 km) 
with a 77.5 degree inclination. During a 
full Martian year, this particular orbit 
would provide periapsis sampling at all 
Martian latitudes and local times.
Mars Network Mission (Penetrators)
Precise measurements of key physical proper­ 
ties of a celestial body, when taken from a 
network of sites distributed over the 
planet's surface, can provide a data base for 
constructing a composite picture of that pla­ 
net. In addition, such a network provides 
simultaneous measurements of transient pheno­ 
mena of the planet's interior, surface, and 
atmosphere. A network of complementary sta­ 
tions is one very effective way of obtaining 
meaningful data as a function of time and 
location. These data will provide the infor-
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mation necessary to develop sound working 
hypotheses and models about planetary pro­ 
cesses and eventually pave the way for more 
extensive exploration.
Space scientists have concluded that experi­ 
ments performed from a network of penetrators 
can provide essential facts needed to begin 
understanding the evolution, history, and 
nature of a planetary body, such as Mars. 
"Network science" can, in fact, be defined as 
a set of systematic measurements over a rela­ 
tively long time duration (one Martian year 
at a minimum) at widely distributed locations 
over the planet's surface. The measurements 
should include seismic, meteorologic, and 
other experiments needed to characterize the 
local site, such as heat flow, water content, 
geochemisty, and imagery.
There are several reasons for using penetra­ 
tors to deploy science experiments on Mars. 
First, the penetrators establish a global 
network of stations to measure transient phe­ 
nomena over widely scattered regions on the 
planet's surface. Second, the penetrators 
actually place some of the experiments 
beneath the planet's surface. Finally, the 
penetrators provide an effective way of 
characterizing local sites in areas that 
could not be safely reached by large, more 
sophisticated surface rovers. In fact, 
penetrators can be useful in any future Mars 
mission, since their deployment immediately 
establishes a planetary monitoring network. 
(4)
A typical penetrator system consists of four 
major subassemblies: (1) the launch tube, (2) 
the deployment motor, (3) the decelerator, 
and (4) the penetrator itself. The penetra­ 
tor subsystems include:a special structure 
(designed to penetrate a variety of soils and 
rocks), data processing and control, com­ 
munications, power (usually a radioisotope 
thermoelectric generator), thermal control, 
and umbilical cable in addition to scientific 
instruments and sensors. The penetrator's 
afterbody includes a deployable boom for 
meteorologic instruments and an antenna.
After separation from the mother-spacecraft, 
one by one each penetrator will independently 
enter the Martian atmosphere behind a 
deployable heat shield and then float down on 
its parachute. Upon impact, the penetrator 
will bury itself in the Martian soil, leaving 
some instrumentation and an antenna at the 
surface. Communications with Earth will be 
accomplished by means of the orbiting mother- 
spacecraft which now interrogates each 
penetrator at least once a Martian day. A 
very large network of penetrators is con­ 
sidered necessary to obtain a general 
atmospheric circulation model of Mars; but 
many other planetary science objectives can
be satisfied, at least partially, with a 
minimum of three to six probe stations.
The overall scientific objective in creating 
a Mars Probe Network would be to establish a 
planetary network of seismic stations, 
meteorological stations, and geochemical and 
geophysical observation sites that can remo­ 
tely and automatically operate on Mars for an 
extended period of time. Specific objectives 
for this penetrator network on Mars include:
(1) a determination of the chemical com­ 
position of Martian near-surface materials;
(2) a study of the internal structure and 
seismicity of the planet; (3) an evaluation 
of the general circulation patterns of the 
Martian atmosphere; and (4) a charac­ 
terization of local atmospheric conditions in 
a variety of Martian locales.
Mars Airplane
How would we use a robot airplane like the 
one depicted in Figure 1 in the further 
exploration of Mars? Some scientists think 
that such lightweight, automated vehicles 
would represent a versatile means of 
transportation around the Red Planet (12). 
They could either carry experiment packages 
or play an important role for special 
missions like the Mars Sample Return Mission. 
For example, the Mars airplane could be used 
to deploy a network of science stations at 
selected Martian sites within an accuracy of 
a few kilometers; or as a flying remote 
sensing platform it could perform high reso­ 
lution imagery missions or conduct magnetic, 
gravity, and geochemical surveys. It would 
be capable of flying at altitudes of 500 
meters up to 15 kilometers, with ranges of 
25.5 km to 6700 km, respectively. (12)
The Mars airplane would have many charac­ 
teristics of a terrestrial competition 
glider. It would have a very lightweight 
airframe and weigh less than 40 kg. The 
wings, fuselage, and tail sections would 
fold, allowing it to fit into a protective 
aeroshell for its initial descent into the 
Martian atmosphere after deployment from its 
"aircraft-carrier spaceship".(12) A typical 
Mars airplane would be powered by a 
15-horsepower hydrazine airless engine that 
drives a 3-meter propeller.
Two basic scenarios can be invoked with this 
extraterrestrial airplane. First, it can be 
employed as a powered flyer that performs 
aerial surveys, atmospheric soundings, etc... 
and then crashes when its fuel supply is 
exhausted. Or else, it can be built as a 
plane equipped with a variable thrust rocket 
so that it may soft-land and then take off 
again from the Martian surface.(12)
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One mission concept involves sending several 
"aircraft-carrier" spaceships to Mars on an 
extensive exploration program. Each such 
spaceship would carry up to 4 Mars airplanes 
(folded and tucked in their respective 
aeroshells). When the carrier spacecraft 
orbits Mars, individual airplanes would be 
deployed on command from Earth into the 
Martian atmosphere. Each airplane would 
enter the Martian atmosphere in its protec­ 
tive aeroshell. While descending through the 
upper Martian atmosphere, this aeroshell 
would be discarded, parachutes deployed and 
the airplane unfolded. The airplane would 
then continue to descend to its operational 
altitude and fly off on its mission of 
exploration, instrument deployment, or sample 
collection. Once its hydrazine fuel has 
become exhausted, each plan would crash on 
the Martian surface. Communications with 
scientists on Earth would be maintained 
through a network of strategically located 
relay satellites orbiting around Mars.
The Mars airplane could also be used in 
direct support of a human expedition to Mars. 
The terrestrial explorers would use such air­ 
borne robot scouts to find suitable sites for 
more detailed scientific investigation. In 
time, the thin Martian atmosphere could 
become host to a squadron of such flyers, 
each gliding across the surface of the Red 
Planet in response to scientific targeting 
instructions from a human explorer/settler of 
the 21st Century.
Mars Surface Rovers and Mobility Systems
Automated rovers and mobility systems can be 
used to satisfy a number of exploration needs 
on the surface of Mars (12). For example, 
they can acquire specific samples of surface 
materials (for evaluation in onboard 
laboratories), deploy instruments on or 
beneath the Martian surface, and perform 
extensive site investigations. The mobility 
of such rovers can be used to extend the 
ranges of landers, Mars airplanes, or a Mars 
Sample Return Mission (MSRM) spacecraft; or 
else, the rover can serve as an independent 
mission, operating perhaps in teams of two or 
four and transmitting data back to Earth via 
a Mars orbiting mothership. For example, two 
pairs of rovers could traverse up to 5 km 
each Martian day and also assist one another 
as required.
Surface rovers and mobility systems can be 
engineered to meet a full spectrum of mission 
requirements. They can range in mass from 20 
kg to some 2000 kg. Large, autonomous, full 
capability rovers (see Figure 2) would typi­ 
cally have a total mass of 400-500 kg, 
including a scientific payload of some 80-100 
kg. These systems would be powered by 
radioisotope thermoelectric generators (in
the 0.2 to 0.5 kilowatt-electric range) and 
be capable of traveling under autonomous 
control approximately 400 meters per day. 
These autonomous rovers would have a total 
range of several hundred kilometers and an 
overall mission lifetime of at least one 
Martian year. (12)
Mars Sample Return Mission (MSRM)
The purpose of an automated Mars Sample 
Return Mission (as the name implies) is to 
return one or more samples of Martian surface 
material to Earth or an Earth-orbiting 
quarantine facility, where extensive scien­ 
tific investigation of the material can be 
undertaken by terrestrial scientists. 
Several MSRM options have been studied 
(12,13). Figure 3 shows a Mars Ascent 
Vehicle lifting off from the surface of the 
Red Planet with its cargo of Martian soil 
samples. In this particular MSRM scenario, a 
carrier/orbiter spacecraft would ferry the 
lander to Mars and place it a prelanding 
orbit. The lander vehicle would then touch 
down on Mars and gather several samples 
possibly with the assistance of a small rover 
system. The ascent vehicle (shown in Fig 3) 
would then depart from the Martian surface, 
dock with a separate rendezvous/return spa­ 
cecraft, and while in orbit around Mars auto­ 
matically transfer the soil sample package. 
The rendezvous/return spacecraft would then 
depart for Earth (12,13).
HUMAN EXPLORATION OF MARS
A manned expedition to Mars at the end of 
this century would represent human penetra­ 
tion of heliocentric space. The nuclear 
electric propelled vehicle for such a mission 
is shown in Figure 4 (1,9). In this par­ 
ticular Mars mission scenario, a single spa­ 
cecraft with Mars Lander would carry a crew 
of five on a 2.6 year duration mission to the 
Red Planet. The nuclear electric propulsion 
(NEP) system is powered by a megawatt class 
(approximately 2.6 megawatt-electric) 
advanced design nuclear reactor. Closed air 
and water life support systems and artificial 
gravity sustain the crew throughout this 
human venture through interplanetary space.
The NEP Mars vehicle would be assembled at a 
space station in low Earth orbit. An 
unmanned orbital transfer vehicle (OTV) 
boosts the Mars spacecraft from the space 
station to a nuclear safe orbit (typically 
700 km). The Mars expedition vehicle, still 
unmanned, then experiences a NEP spiral from 
the nuclear safe orbit to geosynchronous 
Earth orbit (GEO). This maneuver takes 
approximately 127'days. The crew for the 
Mars mission then uses an OTV to travel from 
the space station to their spacecraft which
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is now at 6EO. With its human payload 
onboard, the Mars vehicle executes an Earth 
departure spiral from GEO, an operation that 
takes 510 days. This is followed by a 39 day 
duration Mars capture spiral, which leaves 
the vehicle in a 3000 km altitude nuclear 
safe orbit around the Red Planet. The plane­ 
tary reconnaissance portion of the mission is 
100 days long, including 30 days on the sur­ 
face by three members of the crew. A 23 day 
Mars departure spiral starts the vehicle back 
to Earth. Mars to Earth transfer takes 229 
days with optimum coast. This is followed by 
a 16 day capture spiral to GEO. From GEO, an 
OTV transfers the crew to the space station 
for quarantine (if necessary), debriefing, 
and eventual return to Earth (9).
DEVELOPMENT OF MARTIAN RESOURCES
Exactly what happens after the first human 
expedition to Mars is, of course, currently 
open to wide speculation. We on Earth could 
simply marvel at "another space technology 
first", and then settle back to our concern 
for "more pressing" terrestrial problems. 
(This pattern followed the spectaurlar Apollo 
Lunar Landings Missions of 1969-1972). On 
the otherhand, if this human expedition to 
Mars was the widely recognized and accepted 
technical precursor to man's permanent 
occupancy of heliocentric space, then Mars 
would truly become the central object of 
greatly expanded space activities. (1, 8, 10,
11)
Very sophisticated surface rovers would be 
used to prepare suitable sites for the first 
permanent bases, each housing perhaps 10 to 
30 persons (see Figure 5). These early semi­ 
permanent to permanent Martian bases would 
focus their activities on detailed explora­ 
tion and resource identification and would 
most likely be supported by a Mars-orbiting 
space station. Another objective of the 
inhabitants of the early bases will be to 
conduct basic research, development, and 
engineering projects that take advantage of 
the Martian environment and resource base. 
As the prospects for Martian-based industries 
grow, these early bases will grow to modest- 
sized settlements, with populations of 
perhaps 1000 "Martians", all committed to 
discovery, adventure, or profit on the Red 
Planet.
Then, as the settlements mature and are eco­ 
nomically nourished by the Martian resource 
base, Martian fuels, life support con­ 
sumables, food, metals, and other products 
will feed the growth of heliocentric expan­ 
sion—onward to mineral-rich asteroid belt 
and exciting giant outer planets.
During this growth and expansion process, a 
point will be reached when the Martian civi­ 
lization, for all practical purposes, becomes 
fully self-sufficient. The very thought of a 
neighboring planet inhabited by intelligent 
beings has always been stimulating to the 
human race (10). An autonomous Martian civi­ 
lization would probably be highlighted by the 
initiation of "planetary engineering" pro­ 
jects. Planetary engineering, or 
terraforming" as it is sometimes called, is 
defined as the largescale modification or re- 
engineering of a planet to make it a more 
suitable ecosphere. In the case of Mars, the 
human settlers would first likely seek to 
make its atmosphere more dense (even even­ 
tually breathable) and to alter its tem­ 
perature extremes to more "Earthlike" 
patterns. While planetary engineering pro­ 
jects on a "global scale" will require cen­ 
turies, local or regional modification 
efforts might actually be achievable in a 
decade or so.
What are the tools of planetary engineering? 
They include: (1) human ingenuity comple­ 
mented by very smart machines, robotic devi­ 
ces, and genetically engineered 
microorganisms; (2) thorough knowledge of the 
physical processes of the particular planet-- 
a "world model", if you will, which includes 
identification of planetary "pressure 
points"; (3) ability to manipulate large 
quantities of energy; and (4) ability to 
manipulate the material composition of a pla­ 
net. (1, 10, 11) Applied on Mars, these pla­ 
netary engineering efforts could include 
melting the polar caps and transporting large 
quantities of liquid water to the drier 
equatorial—perhaps via a system of large 
open canals.
SUMMARY
In conclusion, Mars properly explored and 
utilized not only opens up the remainder of 
heliocentric space for human development, it 
also establishes the technological pathways 
for the first interstellar missions. The 
development of truly smart machines, the abi­ 
lity to modify the ecosphere of a planet, and 
the ability to manipulate large quantities of 
energy are all necessary, if human explorers 
are to venture across the interstellar void 
in search of new worlds around distant suns.
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Table 1 
(--continued—)
Mission 
(Payload)
Mars 4
Mars 5
Mars 6 
(Orbiter & 
Lander)
Mars 7 
(Orbiter & 
Lander)
Viking 1 
(Orbiter & 
Lander)
Viking 2 
(Orbiter & 
Lander)
Country of 
Origin
USSR
USSR
USSR
USSR
USA
USA
Launch Date
21 July 1973
25 July 1973
5 Aug 197*3
9 Aug 1973
20 Aug 1975
9 Sep 1975
Remarks
Passed Mars 
at 2200 km on Feb 10, 
1974 but failed to 
enter Mars orbit as planned.
Orbited Mars on Feb 2, 
1974; 
gathered Martian data and 
served 
as relay station.
Lander soft 
landed on Mars 
at 24'S 25'W on Mar 12, 
1974; 
returned atmospheric data during descent.
Missed Mars by 1300 km 
(aimed at 50'S 28'W); 
contact 
lost 
on Mar 9, 
1974.
Nuclear-powered lander successfully soft landed on July 
20, 
1976 on the Plain of Chryse at 47.97'W 22.27'N. 
First 
in-situ analysis of surface material 
of another 
planet.
Nuclear-powered lander successfully "soft landed on Sep 3, 
1976 on the Plain of Utopia at 47.67'N 225.75'W; 
returned 
scientific data.
Viking 1 & 2 orbiter spacecraft returned over 40,000 high 
resolution 
images of surface of Mars; 
also collected gra­ 
vity field data, 
monitored atmospheric water 
levels, 
and 
thermally mapped selected sites on surface.
CD 
0)
Table 2. Physical Data For Mars 
Mean distance from Sun 
Period of Revolution (Sidereal Year) 
Rotation Period (Sidereal Day)
Inclination of axis
Inclination of orbit to ecliptic
Eccentricity of orbit
Diameter
Equatorial
Polar 
Mass
Mean density 
Gravity at surface 
Escape Velocity 
Normal albedo 
Surface temperature extremes
Surface atmospheric pressure 
(varies seasonally)
Atmosphere (Main Components)
Satellites
228 x 106 km 
1.88 years
24 hours, 37 
minutes, 23 
seconds
25- 12'
1.9'
0.093
6794 km
6751 km
6.42 x 1023 kg
3.933 g/cm3
372.52 cm/sec 2
5.024 km/sec
0.1 to 0.4
130 to 300 K
5.9 to 15.0 millibars
carbon dioxide (C02) 95.32% volume
nitrogen (N?) 2.7%
argon (Ar) 1.6%
oxygen (02) 0.13%
carbon monoxide (CO) 0.07%
water vapor (H20) 0.03%* 
(^variable)
2 (Phobos & Deimos)
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Table 3. Viking 1 Landing Site Chemistry
Location: Chryse Planitia 47.97'W, 22.27'N
Local Topography: low rolling hills, mostly covered by fine- 
grain debris.
Remarks: Surface samples analyzed at both Viking 1 and 2 
landing sites are similar; appears that these are 
representative of fine debris everywhere on planet.
Compound Percent Mass
SiC-2 44.7%
A1203 5.7%
FeeOs 18.2%
MgO 8.3%
CaO 5.6%
K20 <0.3%
Ti02 0.9%
S03 7.7%
CI 0.7%
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Table 4. Possible Steps In The Creation Of Humanity's 
Extraterrestrial Civilization.
STEP 1: Permanent Occupancy of Near-Earth Space
• Space Station/Space Operations Center [6—12 persons]
• Space Base [50—200 persons]
• Orbiting Propellant and Service Depot
• Near-Earth Orbital Launch Facility 
STEP 2: Permanent Occupancy of Cislunar Space
• Large Powerplants (nuclear) at GEO [megawatt range]
• Manned Space Platform at GEO [6-20 persons]
• Orbiting Lunar Station [6-12 persons]
• Initial Lunar Base [6—12 persons]
• Cislunar Orbital Transfer Vehicles
• Permanent Lunar Settlements [200—300 persons] 
STEP 3: Full Self-Sufficiency in Cislunar Space
• Space Communities in Earth Orbit
• Space Cities
• Extensive Lunar Settlements
• Settlements Throughout Cislunar Space
• Utilization of the Apollo/Amor Asteroids 
STEP 4: Permanent Occupancy of Heliocentric Space
• Mars Orbiting Station
• Initial Martian Base
• Permanent Martian Settlements
• Asteroid Belt Exploration
• Manned Bases in Asteroid Belt
• Bases on Selected Outer Planet Moons [e.g. Titan, Ganymede]
• Planetary Engineering Programs [e.g. climate modification]
• Manmade "Planetoids" in Heliocentric Space
• First Interstellar Missions
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Table 5. STAGES OF MARS EXPLORATION & DEVELOPMENT: 
STAGE 1: Advanced Exploration With Sophisticated Spacecraft 
t Mars Geoscience/Climatology Orbiter
• Mars Aeronomy Orbiter 
STAGE 2: Robotic Surface Exploration
• Mars Network Mission (Penetrators)
• Mars Airplane
• Surface Rover(s) (MSRM)
• Mars Sample Return Mission 
STAGE 3: Human Exploration of Mars
• Nuclear Electric Propulsion (NEP) Expedition 
STAGE 4: Development of Martian Resources
• Site Preparation (automated)
• Initial Base (10-30 persons)
• Early Martian Settlement (103 . K)4 persons)
- Initiation of Planetary Engineering Projects
• Autonomous Martian Civilization (More than 105 persons)
- Full scale Planetary Engineering Projects
- Permanent Human Presence In Heliocentric Space
- Independent of Earth-Moon System
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Figure 2. Full Capability Autonomous Planetary Rover,
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